Background: In recent years, a large number of studies have shown that differentially expressed lncRNAs are capable of promoting the occurrence and development of tumors by regulating cell proliferation and differentiation. However, the biological effects of lncRNAs in non-small cell lung cancer (NSCLC) are still needed to be further investigated. Methods: The differentially expressed lncRNAs in NSCLC tissues in the downloaded profiles from GEO database were analyzed and further verified in 100 pairs of NSCLC samples collected in our hospital. After identification of the target gene MIR210HG, the relationship between MIR210HG expression and clinical data of NSCLC patients was analyzed. Regulatory effects of MIR210HG on proliferation, migration, and invasion of NSCLC cells were detected by CCK-8, colony formation, and transwell assay, respectively. The binding condition of MIR210HG and DNA methyltransferase 1 (DNMT1) was detected by RNA binding protein immunoprecipitation. Subsequently, chromatin immunoprecipitation assay assessed the promoter binding of DNMT1 to CACNA2D2. Rescue experiments were conducted to assess whether CACNA2D2 can reverse the function of MIR210HG. Results: MIR210HG was highly expressed in NSCLC tissues not only in GSE30219 dataset but also in our collected NSCLC tissues. MIR210HG expression was correlated to tumor stage and lymph node metastasis of NSCLC patients. Besides, lower disease-free survival (DFS) and overall survival (OS) were found in NSCLC patients with high-level MIR210HG compared with those with low-level MIR210HG. Regression analysis indicated that MIR210HG was the independent risk factor for DFS and OS of NSCLC patients. In vitro experiments demonstrated that MIR210HG knockdown remarkably inhibited proliferation and migration of NSCLC cells. MIR210HG could recruit DNMT1, thereafter promoting methylation of CACNA2D2 promoter region. CACNA2D2 overexpression remarkably inhibited cell proliferation. Moreover, inhibited proliferation induced by MIR210HG knockdown was reversed by CACNA2D2 knockdown. Conclusion: MIR210HG can promote the tumorigenesis of NSCLC by inhibiting the expression of CACNA2D2. Our findings provide new therapeutic strategies for the future treatment of NSCLC.
Introduction
Lung cancer has become the most common type of malignant tumor in the world. It is reported that the mortality of lung cancer ranks the highest in all cancers. 1 In development and environment deterioration. More seriously, the mortality rate of lung cancer has increased by 465%, accounting for the first place in urban areas and second in rural areas. 2 Non-small cell lung cancer (NSCLC) accounts for 75-80% of lung cancer cases. Despite that many new advances have been made in clinical and experimental oncology, the prognosis of NSCLC remains unsatisfactory, with a 5-year survival rate of only about 15%. [3] [4] [5] The main cause of the high mortality rate of NSCLC is the invasion and metastasis of tumor cells. Effective treatment measures for NSCLC are still lacking. It is of great importance to explore the mechanisms underlying the occurrence, development, and metastasis of NSCLC, which provide new directions for the early diagnosis and early treatment of NSCLC. 6 Genome analysis showed that less than 2% of the genes in the human genome could encode proteins, and more than 90% of the genes are transcribed as non-coding RNAs (ncRNAs). LncRNA is a ncRNA with over 200 nt in length. 7, 8 LncRNA was initially considered as a "noise" of transcription. However, accumulating evidence have confirmed that lncRNAs are involved in many biological processes, such as transcription, mRNA cleavage, RNA degradation, and translation. 9 Numerous studies have shown that lncRNAs exert an important role in the development of cancer via regulating its biological processes, such as the formation, infiltration, and metastasis of cancer. 10 Differentially expressed lncRNAs have been found in many types of cancers, including breast cancer, prostate cancer, lung cancer, colon cancer, and liver cancer. [11] [12] [13] [14] [15] However, only a small amount of lncRNAs have been extensively studied. HOTAIR and MALAT1 are important lncRNAs in lung cancer. 11 It is necessary to further explore other differentially expressed lncRNAs in NSCLC and their possible effects.
A cluster of genes in locus 3p21 has been identified as a tumor-suppressor gene. In this cluster lies a CACNA2D2 gene coding region, which is downregulated in NSCLC and able to induce apoptosis. Therefore, it is thought to be a tumor-suppressor gene. 16, 17 With the development of high-throughput technologies, microarray and sequencing technologies have been applied to explore the differentially expressed lncRNAs in disease progression. Database analyses can help us find important genes related to the disease. In the present study, we analyzed the data of NSCLC in the GEO database. The differentially expressed lncRNAs in NSCLC were compared and we further explored its biological functions.
Methods

Database search
The Affymetrix HGUl33 Plus 2.0 microarray is currently used to study the transcriptome and to reannotate lncRNA expression profiles. In the GEO database (http://www.ncbi.nlm.nih.gov/geo/), we screened out the HGUl33 Plus 2.0 microarray containing data of NSCLC tissues and normal lung tissues using lung cancer as the key word. GSE30219 dataset was included and the CEL data files were analyzed by Affy matrix. The limma function was used to analyze the database containing differential genes (differentially expressed genes were selected by adj.p<0.05, log 2 FC>1, or logFC<-1), and the survival function was used for prognostic analysis.
Probe annotation
Basic information of lncRNAs were downloaded from the Ensemble database, including transcript type, gene type, transcript ID, gene ID, etc. The probe sequence of the HG U133plus2.0 microarray was downloaded from the Affymerix website. The 54,675 probe sets of the HGU133plus2.0 microarray was compared to the selected lncRNA. When a probe set alignment compared to the same lncRNA length with longer than or equal to 90% of the probe set, it was considered that the probe set matched this lncRNA. Otherwise, the results of the probe set alignment were discarded. Formatted files that were available in the annotation were organized.
Sample collection
A total of 100 NSCLC patients undergoing radical thoracic surgery or palliative resection from December 2012 to December 2016 in the Second Affiliated Hospital of Harbin Medical University were enrolled. Primary and paracancerous tissues (5 cm away from NSCLC tissue) of NSCLC were surgically resected. Samples were immediately frozen in liquid nitrogen. None of the patients received preoperative radiotherapy or chemotherapy. Basic characteristics of patients are listed in Table 1 . All resected tissues were pathologically confirmed. This study was approved by the Harbin Medical University Ethics Committee, and patients provided written informed consent. And this study was conducted with the Declaration of Helsinki.
Isolation of cytoplasmic and nuclear RNA
Separation of the nuclear and cytoplasmic fractions was performed using the PARIS Kit (Life Technologies) according to the protocol. RNA in the cytoplasm and nuclei was subjected to reverse transcription reaction and real-time PCR (SYBR Premix Ex Taq; TaKaRa).
Cell culture
Normal human bronchial epithelial cell line (BEAS-2B) and lung cancer cell lines (A549, H1299, and H1975) were obtained from ATCC. BEAS-2B were cultured in BEGM medium and other cells were cultured in RPMI-1640 (Roswell Park Memorial Institute-1640, Invitrogen, Carlsbad, CA, USA) or DMEM containing 10% fetal bovine serum (FBS), 100 U/mL penicillin, and 100 μg/mL streptomycin (Hyclone, South Logan, UT, USA). Cells were incubated in a 5% CO 2 incubator at 37°C.
RNA extraction and qRT-PCR
Total RNA in treated cells was extracted using TRIzol method for reverse transcription according to the instructions of PrimeScript RT reagent Kit (Takara, Tokyo, Japan). RNA concentration was detected using a spectrometer. qRT-PCR was then performed based on the instructions of SYBR Premix Ex Taq TM (Takara, Tokyo, Japan). The relative gene expression was calculated using 2 −ΔCt method.
Primers used in the study were as follows: MIR210HG, F: GCTTGGTAGAGTGTCACGCC, R: CATCTGACCGAGC CAGTTTG; CACNA2D2, F: CAACCGGAACCTGTTC GAGG, R: CCTTGGCGTCATAGTACACG; CACNA2D2-CHIP: F: TTCCAGGTGGCATCAGTGTC, R:ACTCTGT GTCGAGGCTTTGG.
Cell transfection
Transfection vectors used in this study were conducted by GenePharma (Shanghai, China). Vector sequences were listed as follows: sh-MIR210HG-1, 5′-GGAGGGAATAATAGA GCAGCGTT-3′, sh-MIR210HG-2, 5′-GCATTAGTACAG GCACCAGCCTA-3′, sh-MIR210HG-3: 5ʹ-UUUAGACCC AUUCUCGUAUGGAGGU-3ʹ. One day prior to cell transfection, cells in good growth condition were seeded into 6-well plates with serum-free medium. Transfection was performed when the confluence was up to 60% following the instructions of Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). In brief, Lipofectamine 2000 or plasmid was separately diluted in serum-free medium and mixed together at room temperature for 20 mins. The mixture was then added in each well for incubation. Culture medium was replaced 4-6 hrs later. Plasmids and shRNA used in the study were constructed by GenePharma Co., Ltd., Shanghai, China. 
CCK-8 assay
Colony formation assay
Transfected cells were collected and 100 cells were seeded in each well of a 6-well plate. After cell culture for 2-3 weeks, cells were washed with PBS and fixed in 2 mL of methanol for 20 mins. After PBS wash for three times, colonies were stained with 0.1% crystal violet for 20 mins. Colonies were captured in a light microscope (Olympus, Tokyo, Japan).
Transwell assay
After 48 hrs of transfection, cells were digested and resuspended in serum-free medium. Cell density was adjusted to 2.0×10 6 /mL. Transwell chambers containing
Matrigel were placed in 24-well plates. A 200 μL of cell suspension and 500 μL of medium containing 10% FBS were added in the upper and bottom chambers, respectively. After cell culture for 48 hrs, cells were fixed with 4% paraformaldehyde for 15 mins and stained with crystal violet for 15 mins. Inner cells were carefully cleaned. Penetrating cells were captured in 5 randomly selected fields of each sample. Cell invasion procedures were as the same as the above except for Matrigel pre-coating.
Western blot
Cells were lysed with RIPA lysis buffer in the presence of a protease inhibitor (Sigma-Aldrich, St. Louis, MO, USA) to harvest total cellular protein. The protein concentration of each cell lysate was quantified using the bicinchoninic acid protein assay kit (Pierce, Rockford, IL, USA). An equal amount of protein sample was loaded onto a 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis gel and then transferred to a polyvinylidene fluoride membrane after being separated. After blocking with skim milk, membranes were incubated with primary antibody (Cell Signaling Technology, Danvers, MA, USA) overnight at 4°C and then incubated with horseradish peroxidase-conjugated secondary antibody for 2-3 hrs at room temperature. Finally, an image of the protein band was captured by the Tanon detection system using ECL reagent (Thermo, Waltham, MA, USA).
RNA binding protein immunoprecipitation (RIP)
Cells were washed and cross-linked with 0.01% formaldehyde for 15 mins. After centrifugation and cell lysis, cell extraction was incubated with RIP buffer containing protein A/G magnetic beads coated with anti-Ago2 or negative control anti-IgG antibody. After overnight incubation at 4°C, cells were incubated with Protein A Agarose for 1 hr at 4°C, followed by the isolation of RNA. DNA methyltransferase 1 (DNMT1) level was then detected by qRT-PCR.
Chromatin immunoprecipitation (ChIP)
The cells were fixed in 1% formaldehyde for 10 mins. Anti-RNA polymerase, normal mouse IgG, and BCL6 antibodies were then immunoprecipitated overnight at 4°C. Protein G agarose (Cell Signaling Technology, Danvers, MA, USA) was added to collect immune complexes. The beads were resuspended in elution buffer and incubated overnight at 65°C before DNA was extracted. The DNA was purified using a spin column and quantified using qRT-PCR.
Statistical analysis SPSS 21.0 statistical software was used for data analysis. Data were expressed as mean ± SD. Measurement data and classification data were compared using the Student's t-test and chi-square test, respectively. Spearman correlation analysis was introduced for correlation test. Analysis of survival data was performed using Kaplan-Meier method and univariate and multivariate regression analyses. p<0.05 considered the difference was statistically significant.
Results
MIR210HG was highly expressed in NSCLC
By searching for GEO database, GSE30219 dataset containing 293 NSCLC tissues and 14 non-tumor tissues was selected for analyses. The heatmap of differentially expressed lncRNAs is shown in Figure 1A . In particular, MIR210HG was the most differentially expressed lncRNA, which was selected for the following experiments. By calculating the median expression of MIR210HG, enrolled NSCLC patients were divided into high-level and low-level groups based on their MIR210HG level individually. The results showed that disease-free survival (DFS) (82 in high-level group, p=0.00604, HR=1.251-1.78) and overal survival (OS) (65 in high-level group and 121 in low-level group, p=0.0043, HR=1.32-2.545, 95% CI=0.4017-0.578) in NSCLC patients with high-level MIR210HG were shorter than those with low-level MIR210HG ( Figure 1B and C) . Similar results were verified in the enrolled NSCLC patients in our study ( Figure 1D-F basic characteristics of NSCLC patients was analyzed. We found that MIR210HG expression was correlated to TNM stage and lymph node metastasis, whereas it was not correlated to age, sex, tumor type, tumor size, and smoking history of NSCLC patients (Table 1) . Univariate and multivariate regression analyses all indicated that high expression of MIR210HG and tumor stage are the poor prognostic factors for NSCLC (Table 2 ).
Low expression of MIR210HG inhibited proliferation and migration of NSCLC cells
For in vitro experiments, MIR210HG was overexpressed in lung cancer cells compared with that of normal pulmonary epithelial cells. Particularly, H1229 and H1975 cells expressed the highest level of MIR210HG, which were selected for the following experiments (Figure 2A ). Subsequently, we constructed sh-MIR210HG-1 and sh-MIR210HG-2 and their transfection efficacies were verified by qRT-PCR ( Figure  2B) . The MIR210HG expression level was up-regulated when transfected with pcDNA-MIR210HG ( Figure 2C) . The above results all demonstrated that differentially expressed MIR210HG may participate in NSCLC development. To explore the role of MIR210HG in proliferation and migration of NSCLC cells, we performed CCK-8, colony formation, and Transwell assay. The results indicated that MIR210HG knockdown remarkably inhibited proliferation of NSCLC cells ( Figure 3A ) and overexpression of MIR210HG promoted proliferation of NSCLC cells ( Figure 3B ). Similar results were obtained from colony formation assay ( Figure 3C ). Furthermore, Transwell assay results showed that knockdown of MIR210HG inhibited invasion and migration of NSCLC cells ( Figure 3D and E).
MIR210HG inhibited CACNA2D2 expression by binding to DNMT1
We accessed MIR210HG-related genes in GSE30219 dataset, where CACNA2D2 expression was negatively correlated with MIR210HG ( Figure 4A ). The same result was also confirmed in collected NSCLC samples ( Figure 4B) . Besides, protein level of CACNA2D2 was lowly expressed in tumor tissues compared to the normal tissues ( Figure S1A ). In vitro experiments showed that MIR210HG knockdown upregulated mRNA and protein levels of CACNA2D2, indicating the regulatory effect of 
(B, C) The microarray data showed that DFS (B) and OS (C) in NSCLC patients with higher expression of MIR210HG were shorter than those with lower expression. (D) MIR210HG was highly expressed in collected NSCLC tissues. (E, F) DFS (E) and OS (F) in collected NSCLC tissues with higher expression of MIR210HG were shorter than those with lower expression. (GAPDH is used as the internal control of MI2210HG.)
Abbreviation: NSCLC, non-small cell lung cancer. Figure 4C and D) . Methylation of the promoter region is closely related to gene expression. Therefore, we detected the methylation level of the CACNA2D2 promoter region. The data showed that the expression level of the CACNA2D2 was negatively correlated to the methylation level of its promoter ( Figure 4E ). DNMT1 is the most abundant DNA methyltransferase in mammalian cells, that is highly expressed in a variety of tumor tissues. 18 Therefore, we speculated whether MIR210HG regulates CACNA2D2 expression through DNMT1. The isolation of cytoplasmic and nuclear RNA assay showed that MIR210HG was mainly located in the nucleus of H1299 and H1975 ( Figure S1B and C). The RIP results confirmed that the MIR210HG could bind to DNMT1 ( Figure 4F ). Furthermore, CACNA2D2 expression was significantly upregulated after DNMT1 knockdown ( Figure 4G ). DNMT1 inhibitor treatment also up-regulated CACNA2D2 expression ( Figure 4H ). We further verified that DNMT1 indeed bound to the CACNA2D2 promoter, validating the regulatory role of DNMT1 on CACNA2D2 ( Figure 4I ). MIR210HG knockdown remarkably decreased the binding kurtosis of DNMT1 and CACNA2D2 ( Figure 4J ). The above experiments showed that MIR210HG inhibited CACNA2D2 expression by binding to DNMT1.
MIR210HG on CACNA2D2 (
Overexpression of CACNA2D2 reversed the effect of MIR210HG on NSCLC
To further verify whether MIR210HG exerts its function through CACNA2D2, we constructed the overexpressed plasmid of CACNA2D2 ( Figure 5A ). CACNA2D2 overexpression remarkably inhibited proliferation of NSCLC cells (Figure 5B and C) . Co-transfection of si-CACNA2D2 and sh-MIR210HG in NSCLC cells remarkably improved the proliferation and colony formation abilities than those transfected with sh-MIR210HG individually ( Figure 5D and E). In conclusion, MIR210HG can promote the tumorigenesis of NSCLC by inhibiting the expression of CACNA2D2 ( Figure 6 ).
Discussion
NSCLC accounts for 80-85% of all lung cancer cases, including squamous cell carcinoma, adenocarcinoma, and large cell carcinoma. The current treatment of NSCLC mainly relies on surgery and chemotherapy. However, the overall 5-year survival rate of NSCLC remains low due to the untimely diagnosis. 19, 20 With the increase of cancerassociated lncRNA research, NSCLC-related lncRNAs have been explored. Recent studies have shown that HOTAIR expression is positively associated with lymph node metastasis and clinical grade of NSCLC patients. In addition, NSCLC patients with high expression of HOTAIR have a poor prognosis. 21 CCAT2 was found to be highly expressed in NSCLC tissues. 22 GAS6-AS1 is lowly expressed in NSCLC tissues, and its expression level is related to lymph node metastasis and clinical grade of NSCLC. GAS6-AS1 is served as an independent prognostic marker in NSCLC patients. 23 These studies have demonstrated that lncRNAs participate in the occurrence and development of NSCLC, which may serve as diagnostic and prognostic markers for NSCLC. Invasion and metastasis of tumor cells are the major reasons for the poor outcomes of NSCLC. In this study, we found that high expression of MIR210HG is an independent risk factor for poor prognosis of NSCLC patients. MIR210HG is closely related to tumor stage and lymph node metastasis, suggesting the remarkable role of MIR210HG in the progression of NSCLC.
Previous studies have revealed that many lncRNAs are required for the normal localization of specific protein complexes. The lncRNAs involved in dose compensation and imprinting (Xist, Kcnq1ot1, Air) regulate gene silencing as a guide in an allele-specific manner. For example, HOTAIR serves as a guide to localize PRC2 in development and cancerrelated gene expressions. 10, 24 LncRNA-p21 is directly induced by p53 after DNA damage, which in turn physically binds to nuclear factor hnRNP-K to relocate to a specific promoter. 25 Previous studies on MIR210HG suggested that it can regulate the proliferation and migration of osteosarcoma cells by adsorbing miR-530. 26 Epithelial-mesenchymal transition (EMT) is the process that the epithelial cells with polarity lose their original characteristics and morphology and transform to mesenchymal cells under the external stimuli or internal factors. EMT was firstly proposed by Greenburg et al in 1982. During the process of EMT, pseudopods are formed in the culture of three-dimensional collagen gel of epithelial cells. Gradually, intracellular connections become loose and eventually transformed to mesenchymal cells. It is found that E-cadherin is re-distributed on the cell membrane and its activity decreases. Meanwhile, β-catenin aggregates in the cytoplasm, leading to the loss of polarity of epithelial cells and affecting E-cadherin expression. Downregulated E-cadherin transforms to N-cadherin, which in turn increases the content of free β-catenin. Finally, the aggravated nuclear β-catenin activates EMT-relevant signaling pathway. 27 In this study, we found that MIR210HG could affect the capacity of migration. The potential mechanism may regulate the expression level of EMT-related proteins.
DNA methyltransferases (DNMTs) are important enzymes that catalyze and maintain DNA methylation in epigenetics. In mammals, DNMTs are divided into three families, namely, DNMT1, DNMT2, and DNMT3. 28 DNA methylation is a common epigenetic modification mediated by DNA methyltransferases (DNMT, including DNMT1, DNMT3A, and DNMT3B). In the process of DNA methylation, the methyl group of S-adenosylmethionine is transferred to the pyrimidine. Hypermethylation of CpG islands inhibits the binding of transcription factors, thereby inhibiting gene transcription. DNMT1 was the first DNMT extracted from Escherchia coli by Gold and Hurwit in 1964. 29 DNMT1 is a key enzyme in DNA methylation. Numerous studies have found that DNMT1 is associated with abnormal methylation of DNA, and both of them are closely related to the occurrence and development of tumors. Studies have shown that DNMT1 is specifically involved in the regulation of cell growth.
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DNMT1 consumption inhibits cell transcription but does not induce the invasion of MCF-7 and ZR-75-1 cells. 31 Overexpression of DNMT1 can also transcribe those cells without transcriptional function. 32 Knockdown of DNMT1
can reduce the risk of colorectal tumors in mice. 33 In this study, correlation analysis was performed to find the potential target gene of MIR210HG and CACNA2D2 was screened out. In order to explore the specific role of CACNA2D2, we analyzed the methylation level of its promoter region. The results suggested the presence of aberrant methylation of CACNA2D2 in NSCLC tissues. Subsequently, the regulatory relationship between DNMT1 and CACNA2D2 was detected.
ChIP results demonstrated that DNMT1 can bind to the promoter region of CACNA2D2, thereby inhibiting the expression of CACNA2D2. RIP results further confirmed that the binding condition between DNMT1 and CACNA2D2 was regulated by MIR210HG.
However, there are still some limitations in this study. In the present study, we found that MIR210HG had a significant role in the invasion and migration of NSCLC cells. A large number of studies have shown that EMT promotes the distant metastasis of tumor cells. 34 However, we did not investigate whether MIR210HG could regulate expressions of EMT-related genes. Meanwhile, previous studies have already proved the role of MIR210HG as a ceRNA. MIR210HG is mainly expressed in the cytoplasm in osteosarcoma cells. Further studies need to be conducted to quantify the cytoplasmic and nuclear expressions of MIR210HG, thereafter clarifying the temporal and spatial specificity of lncRNA. RNA pull-down is also needed to confirm whether the protein binding of MIR210HG is dependent on the methylation level.
In conclusion, MIR210HG was found to be highly expressed in NSCLC by database search, which promoted proliferation and migration of NSCLC cells by inhibiting CACNA2D2 through binding to DNMT1. Our results provide a theoretical basis for NSCLC treatment.
